Abstract The size of the femoral head and acetabular anteversion are crucial for stability in total hip replacements. This study examined the effects of head diameter and acetabular anteversion on the posterior instability after total hip replacement in an in vivo setting. The acetabular shell was inserted at 0-20°of anteversion at five degree intervals. By using different head sizes (28 mm, 32 mm, 36 mm), the degrees of dislocation were recorded by computer navigation. The 36-mm group consistently showed better stability compared with the 32-and 28-mm groups, regardless of the degree of cup anteversion. Within each group of head size, the hip was significantly more stable when the cup anteversion increased from 0°to 10°. The difference became insignificant when it increased from 15°to 20°.
Introduction
Dislocation after total hip replacement is one of the most common complications [1] . The reason is multifactorial. There are many risk factors, including the patient, surgical technique and prosthetic design. The choice of prosthesis and surgical technique are controllable factors. An in vitro study showed an increase in femoral head size of more than 32 mm improved hip range of motion and stability [2] . Clinical studies on the effects of femoral head size on stability were controversial [3] [4] [5] . In this study, the effect of femoral head size and anteversion of the acetabular cup on stability of hip is tested by means of computer navigation.
Material and methods
A cadaveric pelvis and a left whole femur from a known male adult Chinese donor were used. The cadaveric bone was denuded of soft tissue. On inspection, there was no gross pathology of the left hip. A cementless total hip system (Pinnacle shell, Summit stem; Depuy, Warsaw, IN) was used.
For reproducible registration of navigation landmarks, 3.5-mm screws were inserted at the pubic tubercles, anterior superior iliac spine, tip of the greater trochanter, and the medial and lateral epicondyles of the left femur. Two 4-mm Schanz screws were inserted into the left ilium and two 4-mm Schanz screws were inserted in the distal end of the left femur. VectorVision (BrainLAB AG, Munich) image-free navigation THR software was used for measurement. The trackers were assembled over the Schanz screws at the pelvis and left femur. The set-up is shown in Figs. 1 and 2 . According to the software, the bony landmarks were registered using the recess of 3.5-mm screw heads. The centre of the femoral head was calculated by pivoting the hip. Morphing of the acetabular floor was performed. The femoral neck was osteotomised and the femoral canal was reamed sequentially. A size 3 trial stem that corresponded to the size of the medullary canal of the cadaveric femur was inserted at 15°anteversion of the femur, which was measured with reference to the posterior condylar line. The acetabulum was reamed sequentially to 52-mm when good stability of the trial cup was attained.
Another instrument tracker was connected to a holder of the acetabular trial shell. The exact position of the acetabular shell could be identified. The acetabular shell was inserted at 45°inclination and 0-20°anteversion at five degree intervals under the guidance of navigation. The trial insert with 10-degree elevated lip for a 28-mm femoral head was inserted. The elevated lip of the insert was placed at 2 o'clock. With the hip at 90°flexion and 0°adduction, the hip was gradually internally rotated. At the time of dislocation, there was an audible alarm from the software and the corresponding degree of internal rotation was recorded. The test was repeated ten times by one of the authors (JTZ) and monitored by another author (NFY). The test was repeated with the hip at 90-degree flexion and 30-degree adduction. The trial inserts accommodating 32-mm and 36-mm femoral trial heads were assembled similarly and the tests were conducted again.
Statistical analysis was performed by one-way analysis of variance (ANOVA) using SPSS (version 16.0; SPSS Inc., Chicago, IL, USA). Significance was taken at the 95% confidence interval.
Results
With the hip at 0°or 30°adduction, the degrees of internal rotation that led to posterior dislocation were plotted against the degrees of cup anteversion (Figs. 3 and 4, respectively). The 28-mm, 32-mm and 36-mm groups are shown in the graphs of Figs. 3 and 4.
Effect of cup anteversion
Within each group of femoral head size, when the cup anteversion varied from 0°to 15°, there was an increase in the degree of internal rotation to posterior dislocation (p< 0.05). There was no statistically significant difference between 15°anteversion and 20°anteversion.
Effect of femoral head size
With the hip at 90°flexion and 0°adduction, regardless of acetabular anteversion, the 36-mm group consistently showed a significantly higher degree of internal rotation to dislocation compared with the 28-and 32-mm groups, respectively (p< 0.005). The 32-mm group showed a significantly higher degree of internal rotation to dislocation compared with the 28-mm group when the acetabular anteversion was 10°or more (p<0.05); the difference became statistically insignificant when the anteversion was less than 10°. Fig. 3 With the hip at 90°flexion and 0°adduction, mean degree of internal rotation to dislocation was plotted against degree of cup anteversion using different sizes of femoral heads With the hip at 90°flexion and 30°adduction, regardless of acetabular anteversion, the 36-mm group also showed a significantly higher degree of internal rotation to dislocation compared with the 28-and 32-mm groups, respectively (p<0.05). The 32-mm group showed a significantly higher degree of internal rotation to dislocation compared with the 28-mm group when the acetabular anteversion was 10°or more (p<0.05); the difference became statistically insignificant when the anteversion was less than 10°.
Discussion
Dislocation after total hip replacement is annoying and recurrent dislocation is notoriously difficult to treat [6, 7] . The incidence of dislocation after primary total hip arthroplasty in large series varies from 0.4% to 5.8% [3, 8] . Berry et al. reported the cumulative risk of dislocation can be up to 6% at 20 years [4] , suggestive that this vexing problem is not restricted to the early postoperative period. The risk of posterior dislocation was reportedly higher when the posterior approach was used.
One of the most important and controllable surgical factors is how the surgeon implants the prosthesis. In a classical paper Lewinnek et al. suggested that prosthesis insertion should be based on the "safe-zone" [9] . The dislocation rate for cup orientation with anteversion of 15± 10°and cup abduction angle of 40±10°was 1.5%, while outside this "safe zone" the dislocation rate was 6.1%.
However, this position of the "safe-zone" was deduced by measurement on postoperative plain X-rays and mathematical deduction. Many studies on the effect of position of prosthesis on dislocation of total hip replacement also depended on the postoperative X-rays [10] . Potential errors are present. CT assessment of the acetabular component has been studied [11] , but artefacts may affect the reliability. With the use of computer navigation, the cup abduction angle and anteversion angle, and the exact degree of hip rotation, especially at the position when the hip is dislocated, can be accurately measured. In our study, the abduction angle was constant at 45°and this has been agreed upon by most experts. By means of computer navigation, the effect of anteversion of the acetabular component can be accurately determined. Our results showed that the optimal cup anteversion should be at least 15 to 20 degrees. This figure correlated very well to most clinical studies [12] .
Another important and controllable factor is the femoral head diameter. Theoretically, a larger femoral head diameter improves the head-to-neck ratio, increases the range of motion without prosthetic impingement, requires greater jump distance before dislocation and better constraint by soft tissue envelope [1] . In the past, a smaller diameter of femoral head was chosen to reduce volumetric wear rate [13] . However, a long-term large series study showed that smaller head size was associated with higher cumulative dislocation rate in comparison to larger diameters [4] . With the advances in the wear resistance of the new bearing surfaces, large diameter heads may not be associated with higher wear rate. Bartz et al. showed that the site of impingement varied with the head diameter [14] . With the 22-mm head, impingement occurred between the femoral prosthesis and acetabular liner. With the 32-mm head, impingement occurred between femur and pelvis. In this study, bone-on-bone impingement always occurred in the 36-mm group. The advantage of avoiding component-on-component impingement is even more important in ceramic-on-ceramic and metal-on-metal articulations.
In this study, the posterior stability depended on the anteversion of the acetabular cup and the size of the femoral head. When the acetabular anteversion was 20°and a femoral head of 28 mm was used, the degree of internal rotation to posterior dislocation was 44°when the hip was at 90°flexion and 0°adduction. If a femoral head of 36 mm was used, dislocation occurred only when internal rotation was more than 56°. When the acetabular anteversion was 0°a nd a femoral head of 28-mm was used, the degree of internal rotation to posterior dislocation was 25°when the hip was at 90°flexion and 30°adduction. If a femoral head of 36 mm was used, dislocation occurred only when internal rotation was more than 35°. Fig. 4 With the hip at 90°flexion and 30°adduction, mean degree of internal rotation to dislocation was plotted against degree of cup anteversion using different sizes of femoral heads Unco-operative patients, neuromuscular and posttraumatic diseases, and revision situations are common clinical conditions when stability of total hip replacement is intrinsically jeopardised. In revision settings when the host bone contact is inferior, the anteversion of the acetabular cup may be sacrificed to allow stability. Therefore, a large femoral head is favourable.
Nonetheless, a large femoral head is not always the answer. One must be cautious about the scenarios when a large femoral head does not offer better stability. Sariali et al. used mathematical evaluation and reported that jumping distance decreased as the cup abduction angle increased [15] . As a result, the theoretical advantage of using a large femoral head became negligible. Even worse, Crowninshield et al. reported that the vertical acetabular component resulted in elevated stress within the polyethylene and led to implant failure [16] . An experimental study by Prietzel et al. showed that apart from using a large femoral head, capsular repair after total hip replacement is important to improve stability [17] . In the absence of the hip abductor mechanism, the dislocation rate using a large femoral head did not significantly decrease [18] .
In our previous study in young Chinese patients, it was noted that the size of acetabular cup in our population is often 50-to 52-mm or less [19] . As a result, a 36-mm head may not be used in all patients because most of the manufacturers only provide 36-mm heads when the acetabular shell is more than or equal to 50 mm. In this situation, we suggest using a 32-mm head because a 32-mm head still shows better results than the 28-mm head. However, the cup anteversion must be increased in order to attain good stability. One must bear in mind that excessively increasing the degree of cup anteversion may increase the chance of anterior dislocation even when the hip is posteriorly approached [20] .
There are a few limitations to this study. The effects of standard and different neck lengths compared with high offset femoral components were not studied. The results from only one cadaveric specimen may not extrapolate our results to all clinical situations. There was absence of soft tissue action in the cadaveric model. In this study, we steadily increased the degree by one investigator and another investigator monitored the whole procedure. In order to minimise the chance of error, each set of data was repeated ten times and the average degree of dislocation was then calculated. A hip simulator would be a more reliable means to apply a preset direction and speed of force for dislocation. In future, we will consider using a hip simulator for this.
In conclusion, the posterior stability after total hip replacement in this cadaveric specimen improves with the size of femoral head and degree of cup anteversion. When the clinical condition is unfavourable for stability, for example, acetabular anteversion is suboptimal, the use of a large femoral head is justified.
